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introduction

This report summarizes the Independent Research and Independent Exploratory Development Program at the
Naval Undersea Center for fiscal year 1973. This program enables NUC scientists and engineers to pursue novel
solutions to clearly defined Navy problems. Concurrently, it encourages the development cf the scientific and

_ e . technical expertise the Navy will need to meet future challenges. The range of work undertaken is evident in
; i the nine projects described.
g The research reported in the article on the solubility of hydrogen in seawater exemplifies work aimed at deter-

mining how gas bubbles in seawater affect the performance of various Navy systems.

: A means of significantly improving the performance of existing sonar systems is described in the article on adap-
tive noise cancelling.

.. The articie on the S* semisubmerged ship describes studies in the design of this new vessel to meet potential Navy
kY requirements.

Self-contained sonar array structures which can be deployed without the aid of divers are described in the article
3 on water-inflated array structures.

L3 } The article on high speed towed sonar aescribes the development of a sonar system which enables high perfor-
mance surface ships or helicopters to combat effectively fast nuclear submarines.

_ The development of viewports for oplical systems aboard deep-diving submersibles is described in the article
5,‘? - 8 on giass and ceramic window-flange assemblies. These assemblies per nit the use of television or photographic
- systems at great depths ecause they experience little deformation under hydrostatic pressure and continue

3 to transmit undistorted optical imagses.

: The article on ultrasonic imaging describes how visual images can be formed by processing ultrasonic sound
b scattered by objects in the water. This technique will primit divers and operators of submersibles to "see" even in
. turbid water.

. E Etforts to incorporate glass optic fibers into cabies of useful length are described in the article on fiber optic
g cables. :

The report concludes with an article describing recent work on small, unmanned submersibles including up-
grading of the SCAT vehicle and development of an entirely new submerisble, ELECTRIC SNOOPY.
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solubility of hydrogen in seawater

s a part of
NUC’s
research in
chemical
oceanography
a program was
established to
study the
behavior of
gas bubbles in seawater. This
subject is of general interest to the
Navy since bubbles can be formed
by the mechanical action of
propellor screws or introduced into
the marine environment by
undersea vehicles, habitats,
torpedoes, or divers. The manner
in which these bubbles behave

once introduced into the sea has an

important bearing on the operation
and design of various Navy
systems.

A gas which is sometimes
introduced o the sea by ivavy
sys'™™s is hydrogen. The uitimate
tate of hydrogen gas bubbles
depends upon the rale at which the
gas dissolves. This rate 1s a
function of the diffusion constant of
the gas. ils solubility, and vapor
prassures in both the gas and water
phases. Thus. one af the
fundamental parameters which
determines the dissolution rate of a
gas is its solubihty, For hydrogen

~ gas this parameter for seawater

has, heretotore, not been known,

Durning the past year solubility
coethcients far hydrogen were
measured at a pressure of one
almosphere dand at various
termperatures in distilled water and
n seawater at three salinities. The
measurements were made by a
microgasomelric method using the
absorplion apparatus shown in

figure 1. This method was selected
because of its simplicity and
accuracy.

The absorption apparatus was
placed in a constant temperature
bath which was regulated to
0.01°C; the temperature of the
measurement room was regulated

Figure 1.

to within 2°C, Degassed water was
introduced into the sidearm and a
known volume of pure hydrogen
gas was introduced into the
reaction chamber. The two were
initially kept separate by mercury in
the bottom of the reaction chamber
and side arm. Degassed water was
then transferred to the reaction

Absorption apparatus for (. easurement of hydrogen gas solubilities.
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chamber by titing the apparatus.
The vessel was shaken vigorously
to equiibrate the gas and water;
Care was taken to avoid entrapment
of bubbles and supersaturation.
Equilibration was achieved within 5
1o 10 mirutes and was more rapid
at higher temperatures and in
Jishitied waler than i seawater. The
solution was allowed to equilibrate
for 30 minutes in order to ensure
compiete mixing. Volumes of the
gas and the water remaining were
determined by means of the
micrometer and the solubilities
were calculated from the measured
volumes. Ten replicate
measurements were made I, each
temperature and salinty gai; the
standard deviations ranged from
u.2 10 05 percent.
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The measured solubiities were
converted to Bunsen solubility
coefficients, J, which is defined as
the volume of gas (at 0°C and gne
atmosphere of pressure) absorbed
In a unit volume of water at a given
temperature. The results are shown
in figure £ The coethicients for
distilled water agree well with
handbook values which were
ongmnally reported about 70 years
ago

(vol. H'Of x {273.15 -+ °C)

salinty
~ 00

15} \\ =

. ~ 27.665
o experimental 33680 Figure 2. Bunsen
* handhook ~~ 39.927

solubility coefficients derived

} from solubilities of hydrogen

measured in distiled water and
in seawater at three salinties.

Bunsen salubility coetficients in the
temperature range -2 to 31°C and
salinity range of 0 to 40 parts per
thousand were calculated from a
six-term empirical equation
describing solubility as a function
of salinity and temperature. A
digital computer prograr was
written 1o fit the solubility data to the
equation by the method of least
squares. Coetficients for salinities
31 10 40 parts per thousand are
shown i table 1.
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adaptive noise canceling

onar sysems
using hull-
mounteg or
towed arrays
are subject to
interference
trom self-noise
generated by
the sonar
platform or towing vessels. A new
apprr2och to reducing this

) interference was investigated at
-3 NUC dunngthe past year. Adaptive
noise ¢anceling removes noise
directly from the signal channel
rather than trying to prevent it from
cotrupting the signal initiahy. A
. prototype roise canceler has been
1 constructed and is Currently being
testad at NUC (hgure 1) This
device 1§ based on the theory of
adaptive systems and was made
possible by the development of
digial signat processing
techniques. The noise canceler
adapts direclly 10 most awsting
sonar systems withoui modihcation
to the array. heamtorming, or sighal
processing. For thrs rgasen, i
‘offers the potental tor sigribicant
improvement i the padormance ol
these systems at comparatively low
cast ang i sighiicantly less time
than s roguired by mose
corvantonal mathods of atiacking -
the problem. :

The hoge cancoler reduces noise
i @ SIng! channe! by subltachng
oul ot cancaling i The nowe
cantehng process s Gagrammed
0 hgute 2. Prenaty angd relecence
npuls ate pccepicd by the nuise
cangeder Tho prmaty winul
contams the s:gral 1o be datectod
together with the foge  be
canceled For a sohar system, the.
phmaty snput 5 1he ouipul of o

&

Fgure 1 The NUC fodea canteior .

19 fsigt SRCAn 10 thite PROGHAT

beam of te sonar. The relatence
mput comaing npse thal i eigied
16 the noise o B prisnary wpul Byl
contans EHQ ot 0D signal Nosse
the rotatence channet will be
property refaled to thal ia the
prumaty channgl 4 o comes from
the Sanvy soute? GF $LULCes and 3
A GoCly Cistonied aionp the pahs

18 wghes g

1o g prindty and wlatente
sersats. AbOES ship. whirakon
SONBUIS #9C¢ gyt cotdinng 44
natenpn:Cs o! 8% the AC power
ganatatad on ihe shep are gxpedled
0 provie satidigoiony wletence
i Inpyls ang culiuls atg
ana'og bul 81 mietng! Jitocessng &
gagata!




Figure 2. The noise canceng orocess.

Noise reaches the primary and
teference sensors by different
paths. The primary funchon of the
noise canceler is 10~ tha noise
in the reference channel, correcting
tor difterences between the prnimary
ang relerence paths. This makes
the naise a' the iiter cutpul closely
match that in the pnmary channe!
s0 that it will cance! the noise n the
pnmary channel when i is
subiracted trom 4.

The Hitenng 1s achieved by the
adaptve blter, an electron ¢ govice
il vansble e chatagtensies er
wansler tunekon Tne ttanstor

funglion of Be * et 5 detarnnngd

by contnuaus feedback from the
SUtpul of tHE nouse tance’pr ang &
“thyz consianty adaphng
el congitgns The

¥

A o e o ot et — —

feedback is designed so thal the
fiiter adapts to the transter tunction
that minimizes the energy at the
naise canceler oulput. Since tho
reference wiput 1s noise alone,
virtually signal free, e oulnut
energy cannot be lurther reduced
by the noise canceler once the
nuise has been canceled from the
sgral channel and no new noise
added. I the signat and noise ate
statshcally ndependent. the resl
15 nose-frae signai. To achigve this
resyt the adapive hitor must be

- capable of cotrectng tme delay o
phase shill, equance fesponse.
and attenuanen gitforences
vatween the (a0 paths

The adoatvg nose cancely has
proven effgchve o asis, wath
performante Soncdng with

theoretical understanding of the
system. Figure 3 si.ows an
example of narrowband noise
canceling in which a group of lines
18 canceled. Under laboralory
condmions, the atteruation of such
ines 1s typecally greater than 35 4B.
and is limiied only by the
background quantizing noise from:
the analog-to-digital conversion a’
the input. Broadband noise is
attenuated substantially less, not
more than 20 dB. Under condition:
where the br.  .band noise take:
several paths from 118 source intt
the sonar, or comes in from -
chifferert sources through dferert
pans of the array, the noise
canceler 15 neffective Since mo ¢
prachcal sgit-naise propiems havy
just such multipath or multisourc @
condaions, the noise canceler 12
nat expected o be eftective against
brecadhand set-n;se in 300818
These sa'te Lomblions Qo nat
attect {he canceling of narrgwbar 2
ASE. Bowavee, since gry aumt o
o snusQidal campanents at the
same fraquency wi i logether o
forn 3 snge swsed Tre
sgrowiand Cantelng 1§ expotled

10 Lo neasty 85 efectve w the el

a& i Ihe Ghatgioty
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- system design concepts for future S*ships

n 1968 T.G tang
introduced a new type
nf semisutmerged ship
called §° (figure 1).
Since that tme, this
unusua’ hull forin has
been the subject of
ntensive research at
NUC. The design offers
a means of bullding small 40-knot
ships with large decks that remain
nearly level in most sea state
enviranments. Apphcation studies
incicate that this capabilty can
revalutionize the design and use of
surface-based systems. A 190-ton
S? piattarm has be:n constructed
to demonstrate this patential (hgure
2). The rapid advance of the &
program at NUC has stimulated
Navy-wide interest in 3¢ caled
SWATH ships, this acronym be:ng
derrveq ttem the phrase “smail
waerplane area twan hudl 7 The

Cross
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Startwarny - -
strot

AN
canarg e
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o
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Naval Ship Systerrs Command
presently seeking tunds to develop
a 2800-ton SWATH ship having
euner one of two struts per siJe.
NUC nas been assgned
respansibility o the vanous
nussign-related eguipmants that
should be tasted coeraliondity on

[

P AT Bt

Yrmay .

Frgete 2§ desgn dapiong YH ot

DAy s o

TN

&mtemm

Pt
ructger

§' semusubmerged ship concept

this ship.

Dunng fiscar year 1973 mnternat
lunds were used to suppert tho
areas of study. with the generat
obective of getermirung how the
advantages of the §' concept can
best senve the fulure neeas »° ing
Navy. The test study, ¢ .utted
‘Nanne Cops Arpacatons ki §°
Senusraayeod Shins” hag
saught tu genuly ways i wheh §°
gratlorms can eovnide mane :
5QBLARNY HuppoN 1o Manng

“Cotps operangns The second

Stulty, enttien "R Bttt
Cosgn Study, * has mlempid o
Sty hose aypech of &g al
Comgn that Aae @ o6 L@ oot
of russan gapllatons The
Ceperriontses DaepRn Bitciute
Winl @IANABIRAE s atkd Be Lt sy
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Lo ol W o SHedes Mo g wngie
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Figure 3. 'S° design displacing 3,000 tons. All dimensions shown are in feet,

importance that the first SWATH
ship be designed and tested in a
manner that will provide this
understanding.

Some major advantagss of the S*
concept stern from the large deck
areas and internal volurnes that
these designs provide. The subject
sludies widicate that maximum
payloau ilexibility is achieved whean
the €:103$ structure is two uecks
thick and 1:0 permanent «hip

- structure nses above ' ¢ main deck
Iine. Te arhieve tedsonable
funning ranges and payload
‘capabibibes, the weight of primary
and secondary ship structure
should not exceed 40 percen! of
tull load displacement. As a
consequencea, ship structure will be
gluminum with considerable

emphasis on lightweight outfitting.

Figure 3 shows the largest S*
geometry that appears practical
when dispfacement is held
constant at 3000 tons. Rudders are
placad in all four struts to enhance
maneuverability and vaw control.
Hull diameter is increased between
the tore and aft struts to decrease
drag at cruise speeds. The cross
hatcling in 1/2 section D-D
indicates the extent of the central
portion of the cross structure that
can be left open for modular
payload installalions. The volume
surrounding these payload bays is
sufficient to house all basic ship
systems as well as some 200
people. The payload bays can then
be outfitted alternatively for troop
basing, medical support, V/STOL

operations, missile firing,
warehousing, smali craft support,
etc. In most of these applications,
payload installations will rise above
the main deck line.

Figure 4 shows the basic 3000-ton
design outlitted as an operations
platform for V/STOL aircraft.
Modular facilities would provide
organizational maintenance for 6 to
10 aircraft of a particular iype
equipped for close air support,
vertical assault, surveillance, ASW,
or some form of logistic sugport.
The payload bays would house air
personnel, maintenance facilities,
&nd aircralt ordnance. Intermediate
maintenance and permanent
basing would be provided by sister
ships equipped with lightweight
hangars on the main deck.

11
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The S° concept provides a
heretofore unavailable means of
distributing seabase support tor
Marine Corps operations over large
numbers ot low vaiue platforms
sufficient in size and stability to
make modular outfitting truly
practical. The spacial distribution of
capital resources is essential if the
United States expecis to operate
effectively in coastal regions near
secondary nations that have heen
armed with antisurface systems.

. Modular flexibility is essentiai
because the nature of future

~ coastal conflicts will not be fully
known until many years after the
basic suppon platforms have been
designed.

Although the 3000-ton platforms
envisioned here wauld not be
costly compared to ships like the
LHA, they would still become
aftractive targets in certain coastal
situations. [t appears likely that there
will be a nead for platforms of
minimal size for deploying specific
offensive and defensive systems in
high risk environments. Figure §
shows a 500-ton S+ Jdesign that

hei;copler fuchng siation

fueling
trunk

*, ! t—f::jg’“

appears well suited for such
missions. This platiorm weuld have
a top speed of 40 knots, a range of
1200 miles at 20 knots, and a
payload capacity of 75 tons. It
could be used etfectively for
surveillance, rocket bombarc ment,
search and rescue operations,
depioyment of small search-and-
destroy teams, or as a lily pad for
close air support aircraft. A
prototype development of such a
platform would be well worth A
considering if funding for a larger
SWATH ship is not obtained.
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Figure 5. S° of 500 tons designed to deploy modular surface systems in high risk environments.
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ollection of
oceanographic
data requires in
many cases the
location of
sensors in
some specified
spatial
arrangement.

This is particularly true in the study
of physical and chemical
parameters determining the
propagation of underwater sound.

Sensors are generally held in a
fixed spatial relationship with each
other by a structure that derives its
stability from the stiffness of its

Figure 1.

Fully Inflated triangular array structure.

structural members or by a cable
network that retains its original
spatial orientations because of

“tension imposed on the cables by

propetrly implaced anchors. Both
technical approaches have been
found to be successful in the past
but both require many man-hours
and a large number of ships for the

]



Figure 2. Partially infiated circula

Figure 3. Deflated array structure in the form of a spider.
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Figure 4. Structural
detail of an inflated
array structure.

installation of sensor arrays.

Ancther approach is feasible,
however, that requires a minimum
of diver man-hours and in some
cases only one ship. This unique
approach to underwater array
structure design utilizes water-
inflated fabric tubes as structural
members of the array. The inflation
of the tuides is a foolproot process
which can be handled from a
distance, so there is little need for
divers during the deployment or
inflation of the array. Because the
stiftness of the array does not
depend upon the tautness of
siretched cables, only one ship
may be required during
deployment of the array and setting
of the anchors that hold it in place.

" Since an inflated tubular structure
derives its rigidity from its
geometry, size of tubular membars,
construction material, and Iinternal

- pressure, all of these parameters
need to be investigated so that the
performance of existing inflatable
arrays can be understood and
used as the basis tor tuture
designs. -

J A e e amnd et
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Figure 5. Assembling the iriflatable array structure.

»

During the past year, the study of
inflatable arrays tocused on the
dasign, fabrication, and
deployment of seit-contained array
structure assembhes that do not

require the assistance of divars for

their deployment. Three array
structures in the shape of a spider,
a triangle, and a torus served as
test models. The tubular members
of all the structures were 1 toot in
_diameter and ea~h ol the struclures
could fit inside a circle 20 feet.in
diameter.

S T TR BT S RIS T RS R T TR TR AT

Figute 6. Structure tor internal
prassure proof testng.

The evaluation of these inflatable
array structures was dirgcted
toward three distinctly diilerent
deployment condilions: inflation of
the array when (1) suspended trom
a floating surtace buoy, (2) resting
on the battom, and (3} suspended
trom a moored, subsurlace buoy.
Results of the tosts indicate that the

" autonomous erection process of

the inflatable array structuses
simplikes and signiticantly
expedites the deployment ot
underwaler array struclures.




high speed towed sonar

he advent of high
speed nuclear
submarines has
greatly reduced
_the effectiveness
of conventional
surface ships in
antisubinariie
warfare. The
speed and stability required to
combat nuclear submarines are to
be found only in helicopters or in
new, high performance surface
craft such as the semisubmerged
platform, surface effect ship, air
cushion vehicle, and hydrofoil. Of
these, only the helicopter and

‘Figute 2. The towedt body
- with MK-48 torpedo .onar instaded.
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hydrofoil are operational. Studies
conducted at NUC and the Naval
Electronics Laboratory Center have
shown that the hydrofoil can be
developed as an effective
antisubmarine weapon if it is
equipped with a high speed sonar
which will enable its crew to track
énemy submarines at or near the
hydrofoil’s top speed.

For several years NUC has been
engaged in developing a high
speed towed sonar specificaily
designed for use with a hydrofoil
but applicabie to the
semisubmerged plattorm and the

surface effect ship as well. The
initial effort culminated in the
development of a winch, low-drag
towline, and controlled towed body
(figure 1).

During the past year the basic
hardware has been developed into
a test bed high speed sonar which
can be towed from a helicopter or a
hydrofoil. it was necessary to adapt
the system for use with a helicopter
because no hydrofoil was available
for testing.

The major modification to the
original equipment was the

Figure 1. The Ir ved body
s onginal conhgquration.




F-jure 3. The command module.

installation of 8 MK-48 torpedo
sonar. Terpedo sonar technology,
in this respect, was utilized to
minimize the development work
necessary to attain high speed
sonar operaticn. The towed body
proved to be directionally unstable
with the blunt-nosed torpedo sonar
installed, and a box tail assembly

was added to correct the instability -

(figure 2). One-quarter dynamically
scaled models were used in the
design and testing of the 1ail
assembly. Additional modifications
included the design and
construction of a command
module (figure 3) packaged tor
quick installation or removal
aboard a helicopter, and alteration
of the cable hook-up to permit
towing of the controlled body of a
helicopter. The command module
enables the oparator 10 control the
tow angle and the body roll angle ‘o
provide the stability necessary for
high speed towing maneuverability
-{hgure 4). Control signals and
power arg transmitted to the lowed
body through one of two coaxial

cables housed in the towline. The

second cabile leeds back to the
operator sonar ang bady data
inctuding speed. depth, attilude,
and conlrol pasitions.

Now in the development staga at
the Applied Resgarch Laboratoty
at Penn State s a wide-angle
search sonar transducer which can
be adapled 10 the present system.
With the ncorporation of this
transducer and assocated
elecironics, this system will
‘represent a prololype hgh speed
towed sonar with which the
hydroloil’s potential as an
antisubmatine weapon can be
demonstraled in teel operations.

owling ~

gepth -+ 150 X shown

amr“,e 5
\ Figure 4. ,
- Opetaton of e sonat sysiem.
towed body The tow angie and body o8 angie

o angw Can be contralied by the opesalor.
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glass and ceramic viewports for unc:erwater optical systems

derwater vision
is required for
all systems
engaged in
ocean
engineering or
oceanographic
exploration
beneath the
sea. For manned systems, large
viewporis are the most economical
and reliable means of providing
- crew members with panoramic
vision. Such viewports have been
designed at NUC and both design
and tabrication capability exists for
spherical acrylic piastic windows
with diameters up to 78 inches and
thicknesses up to 6 inches. The
large deflection experienced by
acrylic plastic viewports under
hydrostatic loading is not
considered particularly
objectionable 0 human observers
because the eye adapts {o the
shght changes n optical images
transmitted by the deforming
window and exlreme ophcal
‘accuracy 15 not needad for general
uirdersea cbservation.

Quite a ditferent case presonts isell
for vigwports that also serve as

oplica! elaments of an underwaler

television Or camera system. In
such a case the delormatons of &
fypcal plashic viawpon become
unaccaptabie, particularly under

- hydrostake bading, as thay
sigrificantiy impair the quality o
ihe oplical image transmitted and
make 1 unsutable for
photogrammetne work. The lange
defigchons o! the viewpott can be
eiimingieti. bowaver, by
substiuning for *he transparent
pAashc an norganic matenal suth
as glass of ceramic which has a

A
[ &4

higher modulus of elasticity.
Furthermore, by making the glass
or ceramic viewports thinner than
the plastic ones, substantial
savings can be achieved in the
weight of the subassembly,

During the past year work was
completed on a glass or ceramic
window-flange assembly offering
panoramic vision at operational
pressures up to 20,000 pounds per
square inch. Research underway
for approximately two years was
concluded by successtul testing of
18 assemblies to pressures
exceeding those found at abyssal
depths in the ocean (ligure 1).
Each assembly forms g selt-
sufficient structural element
{naependent of the pressure hull on
which it 1s {0 be mounted, 50 it can
be adapted without change to
many potential undersea
apphications.

Notable design teatures includa tha
use of transparent cergmic or
chemically suttace comprassed -
giass in a spherical shoil
configuration, flat bearing surfaces
3t the interfage of the shell and the
flange, and 2 beanng gasket of
hiber-reintorced eposy betwaen the
shall and ilange. '

Transparent glass Caramic and
¢chemicaly surface compressed

. glass offer supeny: *asistance to

the tensiie and fiexural siress ofien
ancountgted in sphenical sheli
windows al the interface of the sheil
and the tlanga The spherical shell
contigura©on distrbiyles the
compt.se ve sitesses in the
winguw withoul maiot

- congenttauons and stovides a lass

distorted and larger g of vew
than is provded by flal dsc o

\ 4

conical frustum windows. A 150-
degree sector is used because it
provides almost the same field of
view as a complete hemisphere
while retaining the advantages
associated with the fabrication and
mounting of smaller spherical
sectors. Additionally, the 150-
degree sector is subject to smaller
shear and tensile stresses at the
interface of the shell and the flange
than is a hemisphere,

The fiat bearing surfaces of the
shell and the flange are adequate
for tne stresses encountered but
are less expensive than toroidal or
spherical surfaces. They aiso make

" mass-produced windows and

fianges readiiy interchangable in
the held.

The fiber-reintorced epoxy gasket
provides sutficient compliance for
cushioning the paint contacls
resulling from an wmgpertect match
between e shell and the flange
while oftering acoquate strength to
withstand the axial boaring stress of
80.000 pounds per square ingh
pradicted tor some locations on the

~intgrface cf the shell ang the fiange.

support the following conclusions:

~ 1. The 150.degree sphetcal

window-flange assembly yliizing
chemgaily surdace toempressed
Glass of rangparen? caramic has a
proven tatgue Gie of al keast 300
cyclss with 8-hour opetation at a
hydrosiatic pressute ¢! 20,000
POUNGS per sGuare wich.

2. €poxy PHD-49 ¢loth o1
rasprena-impegtated nylon ¢loth
Fauprens S722A are scceplabie
beahng gaskets for the window-




o e S Xk e b
Srcton Tochmus oo i be b Lot cnewig e S AR O

fiange assembly prowiding that the

- exceed 20.000 poynds per square

 Supendr in alructural applicalang
te annealed glaks and tanspareny

| advaniages wher Bwe Siutiute &

Figure 1. Fabrication and lesting ol « . ‘vindow-llange
_assembly.

(a) The ouler and inner radii of the spherical shelt are
ground to within 0.010 inch of specilications and
the included angle of the bearing surlaces is
brought to within 1 minute of 150 degrees.

{b) Prior to testing each viewport is disassembled and
each component carefully checked for comphance
10 specifications.

{C) For hydrostatic testing five viewport assemblies are
mounted on thick steel bulkheads and placed in a
jg that keeps them separated within the pressure
vessel,

{d) An assembled NUC window-fiange assembly is
-shown prior 1o instaltation in an unmanned
undersea vehicle.

hydrostatc pressure does not

nch. The cycle fatigue ife of epoxy
PRD-49 gaskets appears to be of
an order of ~agmiude higher than
that of Faisene S5722A ata '
hydrostalic icading of 20,000
pounds per square ch.

3. Chenueally surlace _
comprussed gas s signibicantly

glass ceang CERVIT G- 101 when
the situgtute is subacted 1o lonsie
stesses bul pOSEs no signbight

subiecied chly 0 camprassve
4. Trangpaten? glass catarme
CERVIT C-101 is moletanely
supenst in situciutal applications
o annezier glass tegirdiess of
whather the siiutiute 8 SubRTS
0 lensde of comysessive shesses

g e e A
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ultrasonic imaging using a surface wave delay line

he absorption
and scattering of
light by sea water
severely fimif the
~ ability of divers
and operators of
undersea
vehiclas o
visualize their
surroundgings. Useful apticat
ranges are limited to about 100 teat
in retatively clear water. In
conditons of considerable
turbichty, the effeclive range can be
reduced 1o near zero. The
passibility of torming visible images
Dy processing ultrasome radation
- scattered by objecis in the water
has been recognized lor some
ume. During the past yaar an eftot
has heen underway to daveiop an

ulttasonic imaging device capabie

of proviging real-tme, mgh-
FRSOIUTON Mmages gl vety shon
ranges 10 permd the use of
mareguiaton and other tgels
tuthid witar. The inital phase of the
peoRct was condutted az Srantota
Uﬁ«‘\t!.ﬂ‘y’ with sghnga! gudante
and tunging provded by NUC

A Schmaie dagram ol the

Exgure 3
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expetimental imaging device is
shown in tigure 1. lis cperalion can
be described in several stops:

{1) Ultrasonic waves scaltered by
gbjects in the figld impinge on the
array of piezoeleclric transducers
and generate eleclrical signals al
the frequency of the waves,
typically about 3 MHz. (2} A igher
frequency (50 MH2z) surface wave
is launched down the defay fine. -
This is a physical wave like a wave
an the surface of the ocean. Taps
on the hne gengeale electrical
signals as the sufiace wave passes.
{3} The nontinear, torward-hiased
diodge located al each tlap mixes
the ultrasonic wave ang surlace
wave signais. Quipuls are’
generated in the dade chain at the
sum ang difference trequencies
{47 and 53 MHZ). Thase signals,
which can be separated rom thw
carnef fraquendy by andpass
fitorsrygy, contain the intmMalon on
the acoustic wave held.

This intgrnansn 1§ axiemd By

3ppiyng & BN HRQUENSY SRGDD
U R sgaal D the surfade adve
g The sutiacd wive goneraied
by&ﬁ%ﬁéﬁuM%&EMtﬁﬁ .

] //43/////.4{//

Sehomnalc of the U aninS SPagng Gewee




along the delay hne simuitaneousty
sothat the output of the digde chain
15 8 summation of the s:gnals
produced by afl the piezoeleclric
iransgucers. Phase shifts
characleristic of a spnerical wave
are compensated for by phase
shifis i the surface wave delay
kne. When the chirp signal is
applied, the array 1s effectively
facused at a point of finite range.
As the chirp passes through the
delay fine, the focus point scans
across the lialg of view. The range
of focus 1s determined by how
rapidly the freuency of the chirp s
vangd. This agproach offers the -

passibility of electronucaily vanable,

tacused wnaging at very close
range.

The cancept has been
experimentally verified for a one-
dimensional array Figure 2 shows
@ photcgraph of the ultrasonic
image of the head o! a small
crescent wrench. Horizontal
resolution was achieved by
alectroni¢ scanning o! a one-
dimensional array consisting ot 30
elements, while vertical resolution
was achieved by mechanical
scanning,

Pians for tuture work oo the
uitrasonic imaging system calt for
mnereased effort by botn NUC and
Stanford. The work at NUC will -
center on implementation of an
improved version of the present
one-dinenswonal array. This device
wilt be sutable for experimentation

at an acoustic test facility such as
TRANSDEC. Some torm of
cyhndricai tens or refiector system
may be used to provide an interim
twc-dimensional imaging
capabulity.

The program at Stanford will
concentrate on advancing the
technology of efectranic imaging.
Improved mixers using field ettect
ransistors instead of diodes will be
investigated tor the cne-
dimensronal array. in addition, a
novel method of implementing two-
dimensionat imaging will be
studied. H this method is developed

_successfully, an NXN array could

be scannead using only two sutface -
wave delay lines.




**. ‘fibers. offer high data rates and’ -

fiber optic cabies

oaxial cables
are widely
used to
transmit data
over long
distances
underwater.
However, data
rates and
transmission distances achievable

using coaxial cables are limited b)_/,_”"'

cable size and by the solid -
dielectric construction required to
resist nydrostatic pressure. Optic:.

transmission distanges -

independent ot the siZe of ths fiber -
bundle. If optic fibers can be ~ -

successfully incorporatad it - -
cables, they will proviae smaéll, -
lightweight transmissic» fines

- capable of conducting @&rge

voiumes of data.

A effort has been underway for
several years at NUC and at the
Nava! Electronics Laboratory
Center to develop fiber optic cables -
which ce» be produced in usefui
lengths at reasonable sost. The
general expenmental approech has
been to woik with a smail family of
cablag offering a variety of designs
from which a broad base of data
could be extracled,

Four experimental fiver optic
cables fabricated during this work
are shown in figure 1. On the right
is a fiber optic bundle consisting ¢f
loossly held glass fibers jacketed
with polyvinyichloride (PVC). The
primary goal in the design of each
was to protact the glass from
compression or tension during
manulacture and use of the cable.
Each design was evaluated in
terms of tr+ percentage of the optic
fibers broken during the
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manufacture of a Jiven length of
cable. This criterion was selected
-because any optic fiber broken is
coimpletely subtracted from the
light path, unlike a broken strand in
a coaxial cable, which contiriues to

- play a reduced role in conduction.
~ For optic bundles containing less
.. than 100 fibers, breakage is critical;
- cables several kilometers long are
feasible only if breakage can be -
-~ reduced to a very low level.

Sihce traditional cable making

- methods exert very great forces on
*_: the cable during it manufacture
-and the glass optic fibers are more

fragile than copper wire, an _
alternative, experim  val technique

- was used in the faprication.of the -
 tirst of the four cables. Glass
strands were molded in an epoxy.

matrix surrounding the central

i it i o, vk <

signal core. Two copper wires were
included to conduct electricity. The
resulting cable proved to be
torque-balanced and possessed
high strength-to-weight properties. _
However, some 50 percent of the
aptic fibers were broken in the

- manufacture of only 3 feet of cable,
" Heat applied during molding

apparently hardened the PVC
jacket surrounding the optic fibers
and produced a rough internal”

- surface.

-The second cable was fabricated

by more traditional methods and
was armored with a double lay of

~ steel wires wrapped in opposite
directions about the central core to
* provide torque baiance. In this and

the following two cables, the glass

- bundle was twisted with two

conventional copper wires at the

Figure 1. Experimental

tiber optic cables with

fiber optic bundle. The fiber

optic bundle is on the right.
~The cables, from left to right,

are of molded glass, knitted

steel, PRD-49, and wrapped

steel. Note that the cables are

not shown in the order in

which they were developed.
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Figure 2. Pressure barrier penetrators. -

- (a} Penetrator using several
strands of CROFON.

rate of one twist per inch of cable in
an attempt to introduce slack and
provide some tolerance for
longitudinal stress. Nevertheless,
breakage amounted to
approximately 50 percent of the
fibers in 3 feet of cable. This was
aftributed to the high compressive
forces exerted during armoring.

The next cable employed steel
wires knitted about the central core,
Since compressive forces exerted
on the wires during knitting are
lower than those exerted in
wrapping the wires about the
central core, this design was
expected to offer a lower rate of
breakage. This was observed; 50
percent of the glass fibers were
broken in manufacturing 60 feet of
cable. This rate of breakage was
considered to be still too high and
was thought to be caused by the
central core being too tightly
twisted.

The final design used a knitted
cover made of PRD-49, a limber,
lightweight plastic offering

high strength. Breakage was
similar to that observed for the
knitted steel cable.

Two cables presently under
construction will use new low-loss
optic fibers in the central core.
Each will be covered by a double
lay of PRD-49 strands wrapped in
opposite directions. The optic fiber
bundle will be less tightly twisted in
an effort to reduce breakage. Since
PRD-49 has not been used in this
configuration, these cables will
contribute to a growing body of
data on fiber optic cable design.

Still lacking is design data relative
to long-term behavior of optic
tibers under repeated benrding and

' twisting. Cable Tife predictions

cannot be made until these
numbers have been accumulated.

As an adjunct to fiber optic cabies, -

penetrators are required to pass
optical signals through pressure
barriers. During the past year, two
types of penetrators were
designed, fabricated, and tested.
The first type, shown in figure 2,
uses several strands of a light-
conducting plastic (CROFON) for
the light conduit. This materiai
attenuates light too severely to
transmit optic signals over long
distances, but it is physically
durable and suitable for a short
plug. The fibers are retained in a
standard compression fitting
(Conax). Pressure tests to 10,000
pounds per square inch reveaied
no leaks.

The second penetrator, shown in
figure 3, uses a solid rod of fused

‘fiber optic bundles Y inch in

diameter and 3% inches long. The
cylindrical rod, like the loose fibers,
is retained in a compression fitting.
An optical image formed on one
end of the rod appears slightly
attenuated at the other. These rods
can be mads in various shapes
such as cones and can even be
bent during manufacture without
damage.

Several advantages rest with the
optical connector as compared
with the electrical. There is no sirict
requirement for electrical
insulation. In fact, one pressure test
conducted with water leaking
across the boundary produced
no noticeable degradation in
performance. Aiso, high- and low-
level signal forms can share one
connector, since optical cross talk
is not a problem. Even elactrical
power lings can pass through a
common plug.

(b} Penstrator using solid
rod of fused optic fibers.
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small,;unmanned,tgthered submersibles -

mall, unmanned,
tethered
submarsibles
ofter advantages
over diver
systems or
general-purpose
submersibles for
undersea

the past year with the upgrading of
the SCAT test vehicle (for
“submersible cable-actuated
teleoperator"), successtul testing of
a new tracking system designed for
use with small unmanned
submersibles, and design and
fabrication of an entirely new
submersible, ELECTRIC SNOOPY.

inspection, surveillance,
implantment, and recovery. They
are safer, rmore eastly transported,
cost less to develop and operate,
and provide unlimited endurance.
Submersibles developed at NUG
during the past two years range in
size from CURV (for “"cable-
controtled underwater recovery
vehicle™), designed to recover large
»-2cts such as torpedoes, 0 tiny
SNOOPY, designed to implant or
recover small objects weighing up
to 4 pounds. Development of
submersibles has continued during
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SCAT, one of the most versatile
submersibles developed at NUC,
was designed to develop,
demonstrate, and evaluate
advanced teleoperator concepts
such as head-coupled
stareoscopic television, and to
provide a mobile undersea test bed
for evaluation of future equipment,
instrumantation, or vehicle control
concepts. During the past vear,
SCAT's original 500-toot tether was
replaced with a 2000-foot tether to
permit deeper operations. The
longer cable, like the original, is a

multiconductor which passes
three-phase 60-Hz electrical
power, television, sonar, and a
limited number of control and
sunsor signals. A new, multiplexed
tether combining power, control,
and sensor signals on a triaxial
cable was demonstrated in the
laboratory and will significantly

Figure 1. SCAT tracking system.

improve SCAT's capability when it
is added to the test vehicle. The
new cable is of smaller diameter
and is more flexible than the cable
currently in use. It is expected to
reduce underwater cable ."ag by a
factor of 2.5, greally facilitate cable
handling, and largely increase the
volume of information exchanged
between SCAT and its surface
suppoit ship.

Also demonstrated was a prototype
multiplexed communication system
compatible with the new cable.




support
vehicle

%]

Ll

M'—V"—-ﬂ

multimode
hydrophone

signal processing unit and
horizontal range computer

—— e ———y T ety i ——— -

i
relatiw; bearing

SCAT
vehicle

- ship's heading

omnidirectional
sonar projector

Figure 2. Operation of SCAT tracking system.

Using the latest amplitude-
modulated solid-state circuitry, the
system permits simultangous
transmission of two real-time black-
and-white television signals, real-
time sonar signal, and 55 sensor
signals {36 independent on-oft
discrete signals and 19
independent analog signals; from
SCAT to the surface ship along the
triaxial cable. For control, ancther
set of 36 independent on-off
discrete signals and 19 analog
signals may be simultaneously
transmitted down to SCAT along
with three-phase electrical power.

Because the volume of ¢control and
sensor signal channsls exceeds
that required for operation of SCAT
itself, the extra discrete and analog
channels are available for use in

the operation and monitoring of
experimental systems.

The SCAT Tracking System (ligure
1) was developed to provide a
simple system raquiring little set-up
preparation. Its primary cumponent
is a multimode hydrophone aboard
the surface support ship which
raceives acoustic signals from an
omnidirectional sonar projector
attached to the submersible. The
signals recelved are processed !0
determing the horizontal range ot
the sumbersible and its bearing
reiative 1o the suppor! ship.
Horizontal range and relative
bearing are displayed on a cathod-
ray tube; horizontai range is aiso
displayed digitally (figure 2).

A new submersible designed at

NUC during the past year is
ELECTRIC SNOOQPY. This vehicle
combines the advantages of small
size and light weight with the
capability to perform useful work at
continental shelf depths (to 1500
feet). The preliminary design of
ELECTRIC SNOOPY is illustrated
in figure 3. Three oil-filled electric
motors propel the vehicle. A
streamlined fiberglass hull protects
the electronics pressure housing
and interconnecting cables and
improves the vehicle's drag
characteristics, making it less
susceptible to touling in seaweed.
The cutaway portion of figure 3
shows the fiberglass balls used for
flotation and the lead ballast
tucated low in the vehicle. The
resultant separation of the center of
buoyancy and the cenler of gravily
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provides the vehicle with inherent
pitch and roll stability. Kort nozzles
on the horizontal thrusters further
reduce chances of vehicle
entanglement and provide a
considerable improvement in thrust
efficiency. Vehicle power, control
signals, and television signals are
multiplexed onto a single, small
diameter coaxial tether to improve
vehicle response by reducing
cable drag and to facilitate cable
storage and handling.

Horizontal excursions of
ELECTRIC SNOQPY are
controlled with a single
proportional joystick. Vertical
excursions are controlled using a
lever on the console which adjusts
the speed and direction of the
vertical thruster. When this control
lever is returned o its central
position, sample-and-hoid circuitry
on the vehicle automatically
maintains existing vehicle depth.

To reduce signal multiplexing
comglexity, a specially designed
heading and depth readout at the
vehicle is relayed to the control
console through the television
system.

A remotely operated Kodak Low
Light Super 8 camera is used for
still photographs and motion
picture documentation. This
camera offers the capability of
obtaining photographic
documentation at illumination
levels typically found in shallow
water. When required for deeper or
night operations, the television light
or small auxiliary light will provide
adequate illumination.

It is anticipated that small size and
weight, ease of operation, and
minimal support requirements will
make this vehicle and others of its
type useful and effective for a
variety of undersea tasks.



Kort Lexan % short nylon
vertical nozzle propelior lift line

thruster }
\ PP
\\" o

coaxial tether cable

lit
recess

fiberglass

documentadtion and power fiotation balls

electronics housing

oil-flled
dc motor
plexiglass
dome mercury
vapor

hight

mounting pad and
conneclor for
auxniary eguipment

television and control
electronics housing

lead
banast

tiberglass
shell

- Figure 3, ELECTRIC SNOOPY.
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INDEPENDENT RESEARCH PROJECTS

ACTIVE PROJECTS

Fiscal Year Fiscal
Project Title and 1973 1974 Key to
Principal Investigator Task Area Funding Funding  NARDIS Report
Determinants of Dolphin ZR 000-01-01 $ 17,000 $ 24,000 Unavailable

Motivation
R. L. Pepper, Code 403
808-257-6121

Tensile Strength of Water ZR 000-01-01 5,000 2,200 Unavailable
and Polymer Solutions

J. W. Hoyt, Code 2501

213-449-7471

Acoustic Research on ZR 011-08-01 0 11,000 Unavailable
Tuna/Porpoise Program y
J. Fish, Code 405

714-225-6463

Diving Characteristics of ZR 011-08-01 o 17,000 Unavailable
False Sonar Targets ‘

J. Fish, Code 405

714-225-6463

Flow Noise/Vibration Theory ~ ZR 011-08-05 0 5,000 Unavailable
J. Hunt, Code 601 :
714-225-6,301

Valume Reverberation: 2R 011-08-01 0 102,500 Unavailable
Quantitative Evaluation of : : ' . _
Its Causes, Characterislics,

"~ and Variation
W. A, Friedi, Code 503 : : :
Rate of Solubility of . 2R 011-08-01 0 40,000 ©  Unavallable™ -
Hydrogen Gas : ' S - -
S. Yamamoto, Code 5045
714-225-7828

TENSOR Analysis of Sampled ~ ZR 014-02-01 0 20000  Unavailable
Data : ' S S

. G. Johansen, Code 252
-213-449-7440

‘Underwater Visibily Model 2R 014-08-01 15000 . 2,000 DN 234 617
A. Goidon, Code 6511 ' : ‘ , '
714-225-6686 : . SR _
New Concepis Development 2R 021-02-01 - 115,000 75,060 DN 234 6?8

H. J. Whitehouse. Code 6003
714-225-6315 '




Project Title and
Principal investigator

Sonar Signal Processor
Implementation Study —
Digital Signali Processor
Error Analysis

L. P. Mulcahy, Code 6C3
714-225-7678

Chemistry atthe

- Sea-Sediment Interface

- 8. Yamamoto, Code 5045
714-225-6340

Effect of Benthic Marine
“Animals on Ordnance
M. H. Salazar, Code 25406
213-449-7464

Radiotelemetry ot Clinical
Data from Marine Mammals
R. S. Seeley, Code 102
714-225-7839

Sound Scattering and Trace
Element Distrit ution
in the Sea
H. V. Weiss. Code 5045
714-225-6340
~ Bioacoustic Capabiity of
Manne Mammals, Code 403
- 808-254-4479 -
MINOX Program
G. V. Pickwell. Code 5045
7]-‘53225“7829 o
Evalugton of Bioassay
‘Techmques C

. M H.Satazar, Code 2542

- 213-449-7464
" Bwoluminescence Dug lo

N Tuthiulence :n Waler

4. W. Hoyt, Code 2501
213-449-747

Task Area

ZR 021-05-01

ZR 031-02-01
© ZR 031-02-01

ZR 031-02-01

ZR 031-02-01

ZR 041-08-01
2R 041-08-01

2R 041:09:01

ZR 041-28-01

Fiscal Year Fiscal Year
1973 1974

Funding - Funding
$ 22,000 $ 5,000
70,000 25,000
25.000 25,000
40,000 30,000
70.000 30,000
0 45,000

0 20,000

0. -23.000

0 1,000

Key to

NARDIS Report

DM 234 809

DN 118 746

‘DN 949 319

DN 234 621

DN 118 747

Unavailable

.{}!‘.'*234 208

‘Unavakibie

Unavailable
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TERMINATED PROJECTS

Project Title and
- Principal Investigator

Stochastic Model for Sonar
Variability

J. A. Neubert, Code 454
213-449-7564

Advanced Noise Canceler
R. H. Hearn, Code 252
- 213-449-7521

Distributed Acoustic Sensors
T. G. Horwath, Code 6001
714-225-6315

. General Purpose Linear
Processor (GPLP) with
Applications to Sonar

J. M. Alsup, Code 6021
714-225-6607-

Stochastic E-L Approach to

Wave Propagation
J. A. Neubert, Code 4543

- 213-449-7567 '

VLF Acoustic Analysis

- G.E. Martin, Code 601

-714-225-66858 _
Artibcial Pinna (Quter Eary -
far Apphicateon tu Undersea
Rescarch ang Exploration
G W. Byram. Code 6021
714-225-6607

© Structurat Radahen

interacticn Modeling of Simple

Arrdy of Sonar Transducers
-4 7 Hunl, Coge 601
714:225:8301 _
- Solutntty of Mydrogen Gas in
- Seawaler ang Distfed Water
S famamole. Code 5045
. ASwchasie Modeifor
- ACOUSIC Channels '
L K Angdl (o4de 502
7 14-225_- 760

b

Task Area '

ZR 000-01-01

ZR 011-08-01

ZR 001-08-01

ZR 01 1-08-01

ZR 011-08-01

ZR 011-08-01

ZR 011-09-01

ZR 011-10-01

ZR013-01-01

ZR 014:05-01

Fiscal Year
1973
Funding

$ 2,000

40,000
10,000

27,000

110.000

15,000

10,000

40,000

12,000

Key to

'NARDIS Report

Unavailable

DN 334 606

DN.234 607

DN 234 605

DN 234 813

DN 334 605

DN 949 310

ON 234 710

DN 233 710

DN 234 645

 Reason for
Termination

Completed

Completed
Funds discontinued
Funds discontinued

Completed

Coinal.eted .

Complated

- Complated

Completed

Manpower hmitaticns




Project Title and
Principal Investigator

Analysis of a Triangulat -
Element Cylinder as a
Pressure-Resistant Structure
R. H. Knapp, Code 6532
808-257-2161

Conversion of AN/SQQ-56A
Bathythermograph for Sound
Speed Measurements

J. G. Colburn, Cade 502
714-225-7620

Pull-Down Retniever Unit
E. R Rosenberg, Coge 6508
714-225-6862

Structural Design of S
Semisubmerged Ships

P. L. Warnshuis, Code 608
714-225-6497

Hydrodynamic/Thermodynam:

Theaty tar Predicting Highiy

- Vanable Oceanic Congitions

Witk Small Regions -
ot the Qcean ,
J H. Brown, Code 90

T14:225.6737

Study of Marine Mammal
Fopuiation 1o Asaigt
Evaluaton of Effect on ASW
ang Assessmant ot Study ot
Anngts 195 Systens Concepls
W E Evans, Coge 202
714.225-7841 . :
Stark Countatmeasures for
Pratentyn of Navy Swimmers
C S Jonwnson, Coce 4002
734.225-7839-

Marne Naweal Resource

Sutvay
. A Boagles. Coce 6593
718-225-1011

- Stick Samgiar
4 W iyt Coge 2501
213-449.737

Task Area

ZR 104-20-01

ZR 021-03-01

ZR 023-03-01

ZR 023-03-01

¢ ZR 031-01-01

ZR 031-02-0¢t

ZRO31-02-0t

ZR 031-03.0%

ZR 031-03-01

Fiscal Year
1973
Funding

$ 12,000

15,000

1,500

90.000

- 8.000

<0.000

15,000

B

15000

Key to

NARDIS Report

DN 234 810

DN 234 866

DN 234 863

DN 334 646

DN 234 686

DN 828 325

- DN 333636

DN 232 763

Reason for
Termination

Completed

Funds discontinued

Funds discontinryed

- Compleled '

Manpower imitations

- Compigiec

3?7




Fiscal Year

Proiect Title and : 1973 - Keyto
Prin_ipal investigator Task Area Funding NARDIS Regport
Solidification and Super- ZR 032-05-01 $ 54,000 DN 848 447 |

Cocling of Sea Water in

Arctic Submarine Research .

C. Richardson, Code 90

714-225-6737

Detrimental Microbial ZR 041-05-01 23000 DN 134618
Aclivities in Hyperbaric Facnmes o o ‘
P.R. Kenis, Code 2542

213-449-7464 .

~ Environmental Impact Study.  ZR 041-05-01 ~ 30,000 DN 134 617
of SCi Sewage ' ' '

P.R. Kenis, Code 2542

- 213-449-7464

Reason for
Terenination

Funds discontinued

Completad

" Funds discontinued -~ -
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Adaptive Line Enhancing

-ACTIVE PROJECTS

Project Title and
Principal Investigator

R. Hearn, Cade 252
213-449.7523

Automatic Detection of
Communication Signals
O. Gingas. Code 603

714-225-6249
Duat Lens Sonar

P. Warnshurs, Code 6005
714-225-5498

Echo Elongaton

F. Marshall, Code 3525

213-449-7577

Evaluation of Target
Classification Caoncept
H. Volberg, Code 6531
808-25¢-4311
imptava CURV
Detecten Capability

H. J. Whitehouse, Code 6003

71:.225-6315

- Induged Dogiter Sonar

¥ Keil, Code 651
718-225-7629

ROMS Design siudy

P Heckman, Code st

714.225-6688

$ignal Pracessing Imager
H Wemshouse, Code S

714.225-7650

Sutfsce Electe Detachan
¢ Remetegt Code 606

713.275-6198

Tage iCent gaton by
Hatmong Froquenty Delachon
3 Hyang, Code 608

714-225-6872

VLF Bt actand Fat Response

TranstiuCer

F R Abbon Code 60t

784.-225-7508

Task Area
ZF 61-112-001

ZF 61-112-001

ZF 61-112-001

2F 51-112-001

ZF 61-112-001

ZF 61-112-Gn

ZF 61-112.001

£
"
03
woix
- e
-
r

ZF §1-112:001

ZE 61-112-C01

ZF 61-112-001

Fiscal Year

- INDEPENDENT WLOMTORV DEVELOPMENT PROJECTS

1973

Funding

$

- 2F 61-112-001

125.000

0

37.000

Fiscal Year

1974
Funding

$ 40.000

38,000

30,000

20,0600

22,000

9.60¢

20.000 |
2.000

22.000

Key to

NARDIS Report

Unavailable

Unavaiiable

- Unavailable

Unavailable

Unavailable

Unavsilable

Unavadable

Unavaidabie
Unavatabio
Ungvadatle

Lingeaighic

ON 334 626




Project Title and
Principal Investigator Task Area

Opticai Data Mulliplexing ZF 61-212-001
for Towed Arrays '

J. 7. Redtern, Code 602 i

714-225-6613 ,

Acrylic Pressure Hull ZF 61-412-001
Technology

J. D. Stachiw, Code 6505

714-225-7811

Closed Cycle Power Pod ZF 61-412-001

A. D. Rathsam. Code 608
714-225-6871

Nonnuclear Submarine Tankers ZF 61-412-001 |

R. H. Bass. Code 608

. 714-225-6871

Radho-Conlrolled Sonar ZF 61-412-001
Vehicle

J. Chifton, Code 608

714-225-6872

Hemotely Mdanned Vehicle ZF ©1-412-001¢

Development
R Fugm, Code 6512
714-225-7629

Superconductng Magnetometer ZF 61-412-001

WENWC

B. Keans, Code 608

714-225-6872 - _ :
Auto Manipuiat:on Position ZF $1-512-00!
System ‘

C Mons, Codoad14

714-225-8671 } :

g-agg Cet Construgion ZF 61-512-001
& A Sawzes Cote 6513 _ S
T18:225-6864

Copperaive NUC/Notwegen  IF 61.512-001
Eghiag Ingtiute Study of

Fig™ Scrngd Target Strength

end Aflenualin

i & Uaees. Cofe 302

7¥3-225.7827

Fiscal Year
1973
Funding

$ 88,400
25.000

62.C00
16,000

- 25.000

Fiscal year
1974
Funding

$ 8,000

30.000

-31.600
9.500

14,000

75.000

10.000

L5060

Key 10
NARDIS Report_

DN 118 800

DN 234 611

- DN 234 830

Urnavaslable

DN 234 829

Unzvaizuie

- Unavadaote

<havaidatle

DN 234 766

Unavadable
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Fiscal Year ~ Fiscal Year

Project Title and 1978 1974 Key to
Principal Investigator Task Area Funding Funding NARDIS Report
Deep Ocean Dynamics ZF 61-512-001  § 0 $ 23,000 Unavailable

P. Hansen, Code 504
714-225-6217

Deterministic Theoretical ZF €1-512-001 0 27,000
Investigation of Underwater

Sound Propagation

T. Barakos, Code 504

714-225-6404

Dual Hydro Winch ZF 61-512-001 15,000 11,500 Unavailable
S. Moran, Code 6513

714-225-6864

Electrophysiology of ZF 61-512-001 30,000 30,000 DN 234 876
Dolphin Cortex

S. H. Ridgway, Code 402

714-225-7838

Helicopter Landing System ZF 61-512-001 0 61,000
W/NWC

L. Gray, Code 655

714-225-7272

Light Valve Optical Processo:  ZF 61-512-001 0 25,000
J. Thorn, Code 6513 :
714-225-6864

Mission System Experiment ZF 61-512-001 0 50,000
M. M. Baldwin, Code 022
714-225-7957

Nonhuman Animal Guidance  ZF 61-512-001 0 - 81,500
System

R.R. Scule, Code 5055

808-254-4311

Pacific Pilot Whale: ZF 61-512-001 30,500 7,500 DN 234 826
Evaluation of Its Effect on

High Frequency Sonar and Its
Feasibility as a Monitoring
Platform

W.E. Evans, Code 402
714-225-7839

Postdetecticn Processing of ZF 61-512-001 0 10,000
Underwater Televisicn Signals

A. Gordon, Code 6511

714-225-6686

Unavailable

Unavailable

Unavailable
Unavailable

Unavailable

Unavailable




Project Title and
Principal Investigater

Procedures for Evaluating
Hardware and Tactics at Sea
C. H. Sturtevant, Code 1401
714-225-7446

Study of Target Classification
Using Nonlinear Feature
Selection Techniques

J. A. Roese, Code 6032
714-225-7645

Testing of 3000-Tor
Semisubmerged Ship Model
T. G. Lang, Code 608
714-225-6495

Tools for Naval Inshore
Warfare

R. L. Seiple, Code 6530
808-257-2161

Water Inflatable Arrays
J. D. Stachiw, Code 6505
714-225-7811

Video Storage and Retrieval
B. Saltzer, Code 656
714-225-6864

TERMINATED PROJECTS

Project Title and
Principal Investigator

Low Cost Vehicle Support —
LCVS

A. J. Schiosser, Code 654

- 714-225-7147

Accustic Propagation —
MATAI

L. K. Duykers, Code 502
714-225-7646

Cluster Sand System
Synthesis Analysis
T.P. Norris, Code 0513
714-225-7112

- 42

Fiscal Year . Fiscal Year

1973 1974 Key to |
Task Area Funding Funding  NARDIS Report o
ZF 61—512—001‘ $ 500 - “ $ 1,000 DN 234 673
ZF 61-512-001 54,000 55,000 - DN 234 807
“ZF 61-512-001 31,000 o 12,000 DN 334 645
' ZF 61-512-001 129,200 108,200 - DN 118 727 - .
ZF 61-512-001 32,000 50,0001 - DN 234 788
ZF 61-512-001 0 13,000 Unavailable
Fiscal Year
1973 Key to Reason for
Task Area Funding  NARDIS Report  Termination
ZF XX-412-001 $ 50,000 Unavailable Completed
ZF KX-512-001 0 Unavailable Completed
ZF XX-512-001 0 Unavailable Completed




Fiscal Year
Project Title and 1973 Key to Reason for
Principal Investigator Task Area Funding  NARDIS Report Termination
Exploratory S? ZF XX-512-001 $ 25,000 Unavailable Completed

Semisubmerged Ship
Structural Analysis
T.G. Lang, Code 608
714-225-6495

: Preliminary Engineering — ZF XX-512-001 0 Unavailable Funds discontinued
#%..SeaFloor PUFFS
© 7 "K.E. Rogers, Code 501
= T 14-225-7434

. Acoustic Echo and Hull ZF 61-112-001 30,000 DN 234 871 Completed
.~ Vibraticn Analysis of
=% Kamloops Data
++ . . .G. M. Coleman, Code 608
714-225-7505

An Optical Signal Cross- ZF 61-112-001 47,000 DN 234 693 Completed
Correlator for Active Sonar

C. E. Persons, Code 6022

714-225-7669

- Color Sonar Displays ' ZF 61-112-001 60,000 DN 234869 Completed
H. W. Volberg, Code 6531
808-257-2161

—-Development of VILF ZF 61-112-001 0 DN 234637  Funds discontinued
_ Acoustic Source
e 3 F. M. Valenzuela, Code 356
~H. - - 714-225-7649
¥ Noise Field and Array ZF 61-112-001 0 DN 234 685 Comgleted
T Performance Comparison for
O __ the AN/BQR-7 on SSBN 619
'."" S and SSN 637
e 3 W. H. Marsh, Code 606
o 714-225-7131
- Spar Buoy Helicopter ZF 61-112-001 O DN 118 821 Funds discontinued
3 C. R, Nisewanger, Code 608
. 714-225-6497
B : Submarine Hull Target ZF 61-112-001 57,000 DN 234 636 Completed
[ - Strength Reduction Analysis

g - J.C. Huang, Code 603

E L 714-225-7840

: - 2 Undersea Systems ZF 61-112-001 5000 DN 234 677  Completed
e 8 Countermeasure

C. F. Ramstedt, Code 608
714-225-6498




Project Title and
Principal Investigator

Underwater Signals
G. W. Byram, Code 608
714-225-6498

Glass-Ceramic Windows and
Hulls for Submersibles

J. D. Stachiw, Code 6505
714-225-7811

Helo-Launch and Recovery
Submersibles

W. F. Mazzone, Cog= 6505
714-225-7812

Marine Corps Applications
for S? Semisubmerged Ships
P. L. Warnshuis, Code 608
714-225-6497

New Vehicle and Sonar
Concept Studies

T.G. Lang, Code 608
714-225-6495

Small, Unmanned Vehicles
J. L. Held, Code 6512
714-225-7629

Submersible Glass Research
W. R. Foreman, Code 6515
714-225-6630

Acoustic Emission for
Detection and Analysis
of Failures in Glass
P.J. Fetta, Code 4522
213-449-7318

Acoustic Pay Theory and
Target Localization

E. R. Floyd, Code 503
714-225-6306

Acoustic Scattering Models
0. D. Grace, Code 603
714-225-7678

Adaptive Analysis Separated
Sensors

M. S. Ball, Code 252
213-448-7420

44

Task Area

ZF 61-112-001

ZF 61-412-001

ZF 61-412-001

ZF 61-412-001

ZF 61-412-001

ZF 61-412-001

ZF 61-412-001

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

Fiscal Year
1973
Funding

$ 35,000

50,000

50,000

25,000

169,000

18,000

20,000

4,000

Key to
NARDIS Report

DN 234 778 -

DN 234 667
bN 234 701
DN 234 870
DN 118 762

DN 234 795
DN 848 436

DN 234 619

DN 234 827

DN 234 808

Unavailable

Reason for
" Termination

Outside funding source

Compileted

Completed

Completed

Completed

Completed

Completed

Funds discontinued

Completed

Compileted

Compileted .




s
A
&
B
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Project Title and
Principal Investigator

Analytical Gain in
Nonuniform Noise

J. C. Reeves, Code 4543
213-449-7564

Automation — Clinical
Laboratory Information

R. H. Riftenburgh, Code 504
714-225-7628

Buoyancy Actuated Launch
and Retrieval Elevator
Support System (BALARE)
J. B. Berkly, Code 6543
714-225-6292

Coaxial Piezselectric
Cable for Towed Arrays
R. R. Smith, Code 601
714-225-6301

Concrete Capabilities
E. Johnson, Code 6512
714-225-7629

Cryogenic Propeliants and
Exhaust Disposal for
Undersea Power Systems
H. E. Karig, Code 608
714-225-6495

Development of Submersible
Handling Equipment (Air

Bearing. Launch Platforms)

J. B. Berkley, Code 6543
714-225-7911

Diver's Navigation System
R.S. Acks, Code 6511
714-225-6686

Glass Elevalor - Direct
Observation of Acousiic

- .Scalterers
- M. W. Cooke, Code 6511

714-225-6686
HASP Type Analysis

-B. L. Towle, Code 1511
714-225-6377 -

Task Area

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

ZF 61-512-001

~ ZF 61-512-001

ZF 61-512-001

Fiscal Year
1973
Funding

$ 5,000

9,000

16,000

50.000

15,000

- 5,000

Key to
NARDIS Report

Unavailable
DN 234 827

Unavailable

DN 234 794

DN 234 622

DN 234 608
DN 234 820

DN 234 615

ON 018 729

Unavailable

Reason for
Termination

Completed
Funds discontinued

Completed

Compileted

Completed

Completed
Funds discontinued

Funds discontinued

Completed

Completed

45




Project Title and
Principal Investigator

High Speed Towed Sonar
Investigation

R. J. Poynter, Code 356
714-225-7649

High Value Target
Classification

A. G. DiLoreto, Code 454
213-449-7561

Hydrographic Winch Arrestor
D. E. Good, Code 5044
714-225-6403

Hull Vibration Generation
and Detection for Acoustic
- Energy Transmission

G. M. Coleman, Code 608
714-225-7505

Incompiete Gaming Information

J. T. Avery, Code 14
714-225-7721

investigation of the
Influence of Vertical Beam
Patterns and Source
Frequency on Per!ormance
of Variable Depih
-Active Spnars .
- J.R.Hoopsr, Code 6511
- 714-225-6377 ‘

Low Light Level Viewing
System for Divers

S. B. Bryant, Code 6511

714.225-6686

New Elactronic
Concepts

H. J. Whitehouse, Code 6003_ :

714-225-6315

~ Optical Visibity

Instruments for Submersibles
C.J. Funk, Codo 6514
714-225-65686

Fiscal Year
1973
Funding

ZF 61-512-001 $ 73,000

Task Area

ZF 61-512-001 12,000
ZF 61-512-001 3,000
ZF 61-512-001 9,000
ZF 61-512-001 7,000
ZF 761-5 12-001 5,000
ZF 61-512-001 6,500

ZF 61-512:001 . 45,000
ZF 61-512.001 0

Key to
NARDIS Report

DN 234 770
DN 234 704
DN 234 707

DN 234 832

DN 334 617

Unavailable

DN 234 616

ON 234 872

DN 233 666

Reason for
Termination

Other funding source
Completed
Completed -

Completed

Completed

Completed

Comp!eled

Other tunding source

“Funds discontinued:




Project Title and
Principal Investigator
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PATENTS

Beaucher. G.V. Unde:water Imaging System tor Dee; Submargence Vehicles. Navy Case 49,425.

Abstract A quick release mounting apparatus foc mounting a TV camera o a sugiport. The mounting apparatus 1s
especally use!ul tor submerged aperations snce a diver ¢an eastly mount of remove the camera oy moving one.
laver.

Benefht to the Navy: The - «ention enables a dier 10 quickly altach o disengage a camera from an undezwalef
poad.

Cunkenbeard, J.0. Messenger Buoy Recovery Device. Navy Case 49.430.

-Abstrael This invention inciudes a hollow spocl, a Ll cable. and at!oaz which can be antached by a dwer o
a submerged obect

" Beaaht ta the Navy | cca;zsn and ratneval of msuumm!ahan packag& 1S g*eaxiy lacsmbw Yy thg invention

CFugn, B8 insirument tor Measunng the Depolanzabon of Backscawasd Lght Navy Casa 30,842

ABstael Ths swenton s 3 small, compach nstrument which can measute the degree a! potatoed hgm
| ig depoianzed when f3%euied e 3 gt 0caled i an area where Ruch schseatienns © poisent '

Bensti o e Navy: Ingtrument paemtls Navy Ghers 1 maasure amount of backsoaienog hght ways present with
AT WYMASEON, pRtEN) 3C0PS00 of pORINZATON 10 LATENWIIRE VIOWNG.

G G M Daect Qumeal Motur Stanmtee Cecut Navy Case 33672
' ‘Abstlscl An iproved statng cucul 1 DC moless consenes Baltety &4 Bt smad suumetm
Bonedl 10 the Navy inpioved B,.Mfy b2 and operabora! wakly e binehts 0 the Mw
- G G Catoon Dwnfe Indicating Maler Navy Case 51,301
ABsiaer The prese 1t sronlitn © CMeCios 0 iowEng 3 mete kot sticalng the concentrizson of CO°.
Benett 1o the Navy Thes dveabion reduted e hazard o catbon Giomds budd-up i sudenerubies.
Heowrnan, P g Catie-Less Televison Sysiem Navy Case <9173

ABSHETT Ths imention relzles 10 &N APPAtEILs O survellance of 3 GE1n Qga! Hom 3 remoke VOOWYG
which Coes fol reGurre a Cabie of the Bansnssain ol aCOusts Signais betwesn the Larget and the viewng posnd.




' '
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Beneht o the Navy: Future development of small Navy submersibles wnu incorpo:ate this system.
Hirsch, J. Energy Absorplion Apparatus. Navy Case 51.981.

Abstract: An energy absarplion device 1 ulilized 10 absorb the high energy loading due to a missile being
launched with a retarding parachute. The device incluges an enlarged bulb shaped mandrel, a die, and a soft

metaihc sleeve. When the mandre! is pulled through the soft metallic sieeve, the sleeve is extruded through the die -

to absord the energy due to the hugh loading.

Benefit to the Navy' This invention provides a simple but highly elfficient and relizble energy absorption device
lor apsorbing energy for parachule launched rockels or torpedoes.

Johnson, C.S,, AF. Langguth. Full View Diver's Mask. Navy Case 53.724.
Abstract: An improved full view diver's mask provides distortion-free vision over an angle in excess of 180°.

Benent to the Navy: This invention increases a diver's ability to perform: his undersea task succasslully.
Johnson, C.S., AF. Langguth. Method of Making a Proteclive Diving Suit. Navy Case 53.467.

Abstract A protecive diing sull 107 & diver rasists pdncturé by sharp obiects and animal bites and is not com-

- pressed at depth 10 prowide insutation anrd warmth,

Benetit to the Navy: A greater degree of dwer salely is altorded by this diviny Suit 10 reduce the threat impased
by manne predators.

Johnson, C.S., AF. Langguth. Ant-Shark Dzogue Dart. Mavy Case 52.376.

tE

& Oract Tras e on g a device for reducing the threat :fﬁpﬁsed Dy 8 metiacing shark. After a sharpened dart
haz been embedded ationg range i the shark, an atached smatll drogue chuld creates an gsymmelnical
drag Thss deag upsels the shask's hydrodynamic equitbaum and prevents ds swumming 10 a ceaedinaled mannd:.

Benett 10 the Navy D:vers €an portorm thew 1asks mare eltactvoly wien Nosiie sharks are neutzaized with s n-
‘1‘3?1!7.%

Karp. RE High Speeo Fal Sale Weanan Retarging System Nuvy Case 46.618.

Ltace This mventan s an impiosad pArGChu system tot tetardus) the pCed of @ missde wisgh has ;s.%l begn

awche»* from an ol

Bonsst o the Navy This rventon provides solly 10 370’ @yncheng & parachulo retarded !a:peda by CRpying
A% parachule RS 1o dEpayng the man paraghyle

tang TG togh Spoed Sho with Submagad Myt Navy Case 54,407

ADsirac? A Tagh spieod Shep 8 loemed of & ALt O eiongete Myl sochon Sbmanged Compietely honeatn
! WAl Surlate SuDEDING & wf‘mm YOV IR SUIECe widvds Dy 3 Plutdly of $uTt dedention? T e gl
e, MEph SR SyRamis pich slatddy ¢ engured By oiuTag & slabauns maendigr o6 the gt pomon gt

the SUDARHERG hudl 10 provige & hghdy-statie CaIgo-HaASHoN CEADOTy 85 wWed 8GR 3 SUPRNDy wedpong W‘*mﬁ

Benets to the Navy Th ienbon Sns 45 3 Bavs Ko7 devaiopament of g sthanded hipe suthite s,
Lemaae, 1P Undowaler Imagas Sysiem tor Déep Submergoace Vehacies Navy Case 485.005

Abstrag? Thiy dwnBion & &6 oR3G NG Sy3iem fir 0 Soep Suldnengente wtingie The wngtlon  pahowiasty uselu
S5t wiewa O gDy the GUSen Loom Wit g ruremem Of Lackecatenng.

Seret1 1 e Navy By angtovn (o Untened inagnig Coep submorgente Gonfalions, more rekable dals can be
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Lindsay, G.F., S.F. Sullwan H.J. Whrtehouse Correlators Using Shift Registers. Navy Case 47,874.

Abstract: This invention relates foa correlator compnsrng a set of multivibrators which are serially connected

to form a shift register, each multivibrator. havrng a set and reset output lead, indicating its binary state. The input
multivibrator, is connectable to a source of srgnals generally bilevel signals or pulses. Means are operatively con-
nected to the output leads of tha multi vsbrators for summing the outputs of the multivibrators for each shift of binary
states, the sum being a maximum for a parucular combrnanon or coding, of binary states of the multivibralors of
thie shift register. :

Benefit to the Navy: Because huge amounts of data are proeessed annually by the Navy, a device such as
this invention which expedites data proc .srng is of considerable benefit.

meated Acoustic Wave Device. Navy Case 49,426.

Lindsay, G.F. . Whitehouse. Freld D‘

nns"ac( Ail acoustic wave device has a substrate capable of propagating an acouslic wave and a conductive
ructure detfining several conductrve paths. Freld dehneatrng electrodes interieave electrodes disposed along the

el }w : <

Berehit to the Navy: This invention serv: s a basis for continuing development.

topes, L AL OF. Themas. Dignal Camera Navy Case 50,070.

»'u".r ¢ Tnis invention relates o a camera ‘which utrlrzes digital input sngnals 10 enabte it t¢ form sharper pic-
wros or canerns of an object. z

Hencfit to the Navy: The camera is able:to drstrngarsh between objecis of the same size but dilferent profiles,
suen ag a whale and a submanne of the. same size. :

Lopes, L.A. Strapped-Down Atmude Reterence System Navy Case 50,019.

£bstraci Theinvention provides an amtude reference for vehrc:es in the earth’s graviational field, such as aircraft,
ianns, subinarines, and torpedoes i

-4t 1o the Navy: The system is partrcu!arly useful for vehlcles in the earth's grawtatronal freld. where
the relerence provided by gravity is 1ost b cause of the vehrcles aceeleratron

Abstract: An acoustic transducer employS’a pump drawrng in ambrent water and impeliing it through a rotaiing
b)O"( d shutter. This transducer, being looded is non- responswe {0 ambient pressure changes provide uniform

h'oeranc operationz| characteristics i ' )
Bancﬂr io the Navy: The Navy could umrze thrs rnventron in deep submergence sonar applications.

Sayre. J.L. Claw Arms with Swivel Piate Navy Case 51, 906

Abstract A claw assemb'y nas a pair of armo for retnevmg conucal objects. One arm s capable of engaging a cir-
sumiterence of the conical object and a swrvel plate on the other arm is capable of pivoting o engage a tapered

nortion of the object.

bn'wrr fo the Navy: Retrreval of tramrn dnance xs enhanced at a considerable savings to the Navy.

£

Speiser. .M., H.J. Whitehouse. Surface Wave Multrplex Trans:iucer Device with Gain and Side Lobe Suppres-

Sion Ndv‘/ Ca i 51 706 .

Abstract: A surface-wave multiplex devu.,e :has a number ol launch-vertical stacks of transducers and

# for'espondmg number of the same plural ty of receive- ver':cal stacks of transducers to reduce, by a factor o!
e nuvnbpr ot intormation paths.

Berefil to the Navy: Fermits compacr ';rgnal process: ng ot continued signals.
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Strapp. J.P.. N.E. Cornford. Apparatus for Determining the Presence of aVesse! by Detecting its Wake. Navy Case
49.787.

Abstract: This invention relales to apparatus for determining the presence of a vessel, such as a submarine, by
detecting s wake. .

Benett to the Navy. Further investigation is being pursued because of the Navy's strong interest in improving ASW
capabihity.

Strapp, J.P. Homing System for the Acquisition ol a Sea-Going Target Venhicle by Detection of its Wake, Navy
Case 49,788.

Abstract. A missile homing system uses pairs of thermocouple junctions for the acquisition of a sea-going target
vehicle by detection of its wake.

Beneht 1o the Navy: This invention provides a basis for development of a future detection system.
Stnckland, A.T. Vanable Buoyancy Control System. Navy Case 53,220.

Absrract: The present invention provides an automatic buoyancy control for a deep submersible. As the deep
submersibie ascends or descends the invention automatically pressure balances the buoyancy tank. In
this manner the tank can be constructed of thinner walls and precise ballastung and debailasting can be ac-

comphished. :
Benefn to the Navy: The benefit to the Navy is an improved underwater franspon vehicle for use by Nav. divers.
Whitehouse, H.J. Surface Wave Devices for Signal Processing. Navy Case 52,524.

Abstract. The invention relates to distrbuted-transducer surface wave devices which process input acoustic sur-
face waves. In one embodiment, the device time-compresses and recwcu!ateQ mput signals, thereby serving as
a memaory and making the information available when required. :

Benetit to the Navy: The device permrts compact processmg for d|g!tal data.

Whitehouse. H.J. Surface Wave Ambiguity Analyzer. Navy Case 50,629.

Abstract: A surface wave ambiguity analyzer having no moving parts is u:sed for detecling radar or sonar signals.
Benefit to the Navy: Permits determining wide beam signai ambiguity of radar or sonar signals.

Wisor, W.G., J.H. Green, W.D. White. Snap Acting Ballast Release Devuce Navy Case 42,207.

Abstract: The present invention is a weight device which is recessed within an exercise torpedo. After the lorpedo
has made its run. the weight device is released and the torpedo is buoyed toward the water's surface for recovery.

Benelit to the Navy: This invention provides a ballast release device fogr a practice torpedo. The ballast snaps
away from the torpedo so that there is no interference with ascension of the torpedo.
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